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Description 



FIELD OF THE INVENTION 



s The present invention relates to a method of forming a macromolecular microgene polymer by use of DNA polymer- 
ase. 



BACKGROUND OF THE INVENTION 



10 The advent of evolutional molecular engineering has made it feasible to create an enzyme (protein) forming the 
basis of life reaction or a gene coding therefor in laboratories. By this technology, an enzyme (protein) with new activity 
not occurring in nature can be produced and expected for use in various applications to the fields of medicine and engi- 
neering. 

An enzyme (protein) or a gene coding therefor is composed of a polymer of amino acids or nucleotides as a block 
15 unit. In evolutional molecular engineering, a molecule with desired activity is selected from a pool of polymers consist- 
ing of random amino acid or nucleotide block units. 

However, even if it is attempted to prepare polymers with every combination, there is a limit to the physical amount 
of compounds which can be synthesized, so there is a limit to the number of blocks which can be linked, and as a con- 
sequence, a too large protein or gene cannot be created. Further, in consideration of an in vitro evolutional system for 
20 translating a protein from a nucleic acid polymer, the appearance of 'termination codon" terminating the translation is a 
great problem. Therefore, a microgene which is large to a certain extent is preferably used as a block unit to form a gene 
coding for a large protein. 

There is the hypothesis that a large gene was born by repeatedly polymerizing a small gene (microgene) (S. Ohno 
& J. T. Epplen, Proc. Natl. Acad. Sci. U.S. A. 80:3391-3395). Because it is considered that a polypeptide rich in a simple 
25 repeating structure can easily have a stable secondary structure, evolutional molecular engineering directed at large 
proteins or genes requires the techniques of repeatedly polymerizing a short structural unit to synthesize a macromol- 
ecule (Nature 367:323-324. 1994). 

At present, a rolling circle synthesis method is reported as a method of preparing a polymer consisting of a short 
repeating DNA unit (PNAS &:4641-4645, 1995). 
30 However, this method should go through a plurality of steps including phosphorylation reaction, linkage reaction, 
polymerization reaction, double-stranded chain forming reaction, so its complicated reaction system is problematic. 

Under these circumstances, there have been demands for developments in a reaction system in which a gene pol- 
ymer can be formed more simply. 

35 SUMMARY OF THE INVENTION 



The object of the present invention is to provide a method of efficiently and simply forming a polymer consisting of 
a repeating microgene. 

As a result of their extensive research, the present inventors found that a macromolecular microgene polymer can 
40 be formed efficiently and simply by allowing DNA polymerase to act on oligonucleotides complementary at least par- 
tially to each other, to complete the present invention. 

That is, the present invention is a method of forming a macromolecular microgene polymer, which comprises allow- 
ing DNA polymerase to act on oligonucleotides A and B complementary at least partially to each other to effect 
polymerase chain reaction (PCR). 
45 The DNA polymerase includes exonucl eases, particularly those acting in the 3*-^5* direction. In addition, the DNA 
polymerase is preferably thermally stable. 

In the method of forming a macromolecular microgene polymer according to the present invention, the 3-terrrrinals 
of oligonucleotide A and/or oligonucleotide B can contain at least one nucleotide not capable of forming a base pair with 
the other oligonucleotide. 

50 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 a to FIG. 1 c is a schematic drawing showing the method of the present invention. 
FIG. 2 is a photograph showing the result of agarose gel electrophoresis. 
55 FIG. 3 shows genes synthesized by the method of the present invention. 
FIG. 4 is a photograph showing the result of agarose gel electrophoresis. 
FIG. 5 is a photograph showing the result of agarose gel electrophoresis. 
FIG. 6 is a photograph showing the result of agarose gel electrophoresis 
FIG. 7 is a photograph showing the result of agarose gel electrophoresis. 
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FIG. 8 is a photograph shewing the result of agarose gel electrophoresis. 
FIG. 9 shows genes synthesized by the method of the present invention. 
FIG. 10 is a photograph showing the result of SDS polyacrylamide gel electrophoresis. 

5 DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, the present invention is described in detail. 

As shown in FIG. 1a, two oligonucleotides (oligonucleotides A and B) with complementary regions being at least 
partially to each other are synthesized before conducting polymerase chain reaction according to the present invention. 
w In the present invention, oligonucleotides A and B are synthesized so as to be complementary to each other particularly 
in their 3-terminal sequences. The number of oligonucleotides forming a complementary chain to each other is prefer- 
ably at least 6, more preferably at least 8, although there is no particular limitation. 

Alternatively, oligonucleotides A and B may be synthesized such that the 3-terminaIs of oligonucleotide A and/or 
oligonucleotide B contain 1 or more nucleotides (preferably 1 to 3 nucleotides) being not capable of forming base pairs 
is with the other oligonucleotide. By this operation, the efficiency of reaction can be raised. 

Further, because one object of the present invention is to create a completely new gene polymer not occurring in 
the nature, said 2 oligonucleotides are not particularly limited and may be selected arbitrarily insofar as they are at least 
partially complementary to each other. The synthesized oligonucleotides form a double-stranded chain in only the part 
of their complementary region. 

20 As used herein, the term "complementary* can refer not only to the relationship between adenine and thymidine or 
guanine and cytosine, but also to the relationship between guanine and thymine or the like insofar as oligonucleotides 
A and B are at least partially complementary to each other. 

Oligonucleotides A and B function as primers to initiate PCR at their complementary region (a double-stranded 
chain in FIG. 1 a), where the single-stranded chain (i.e. not forming the double-stranded chain with oligonucleotide B) of 

25 oligonucleotide A acts as a template for synthesizing oligonucleotide B and the single-stranded chain (i.e. not forming 
the double-stranded chain with oligonucleotide A) of oligonucleotide B acts as a template for synthesizing oligonucle- 
otide A (FIG. 1a). If PCR is conducted by allowing e g. thermostable DNA polymerase with the 3'->5' exonuclease activ- 
ity to act on said 2 oligonucleotides, double-stranded DNA is synthesized as a repeating unit (FIG. 1b). By further 
continuing the PCR, large DNA consisting of continuous repeating units is synthesized (FIG. 1 c). 

30 The PCR using polymerase (e.g. Taq polymerase) is carried out by conducting 1 cycle at 94 °C for 10 to 120 sec- 
onds, 30 to 65 cycles each at 69°C for 10 to 120 seconds, and 1 cycle at 69 °C for 3 to 7 minutes. 

To conduct PCR efficiently, additional reaction at 94 °C for 10 minutes and at 69 °C for 10 minutes is preferably car- 
ried out before conducting the above cycles. 

In this manner, the complementary part of the 2 oligonucleotides serves as a setf -primer and the other oligonucle- 

35 otkJe serves as a template for synthesizing them, resulting in polymerization of DNA with double-stranded chain DNA 
as a repeating unit (FIG. 1b) with an extremely large number of copies in the same cfirection (FIG. 1c). In the present 
invention, the replacement, insertion and/or deletion of several nucleotides may occur between repeating units insofar 
as the repeating units form a complementary chain. 

40 EXAMPLES 

Hereinafter, the present invention is described in more detail by reference to Examples which however are not 
intended to limit the scope of the present invention. 

45 Example 1 

KY-794 (SEQ ID NO:1) and KY-795 (SEQ ID N02) were synthesized respectively as oligonucleotides A and B for 
use in PCR. The synthesized oligonucleotides A and B were composed of 22 and 23 nucleotides respectively where 
their 3'-terminai 8 nucleotides were complementary to each other (the sequence at the 15- to 22-positions in KY-794 
so was complementary to the sequence at the 15- to 22-positions in KY-795). Adenine (A) was added to the 3 -terminal of 
KY-795 to prevent formation of a base pair with KY-794. 

The conditions for PCR using the above oligonucleotides in a 50 reaction volume are as follows: 
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WV7CM /ccn in ma.ix 
f\Y-f tW (ot(J IU IMU.1) 


20 pmol 




pi 1 R-»l 


dNTP 


350 


MgC! 2 


1.75 mM 


Tris-HQ, pH 9.2 


50 mM 


(NH4) 2 S0 4 


14 mM 


Taq polymerase 


2.6 units/50 uJ 



Trie Taq polymerase used was a mixture of Taq polymerase and Pwo polymerase contained in Expand™ Long 
Template PCR system (Boehringer). 

PCR was carried out using 9600 or 2400 PCR system (PerWn Elmer) for cycle reaction under the following condi- 
tions: 

20 

94°C 10 minutes 

69°C 10 minutes 

25 (94 °C for 1 0 seconds and 69°C for 60 seconds) x 45 cycles 

69°C 7 minutes 

The enzyme was added when the system reached 94 °C. 
30 The PCR product obtained under these conditions was subjected to 1 .2 % agarose gel electrophoresis. 
The result is shown in FIG. 2. 

As can be seen from FIG. 2, DNA reaching several kilo base pairs or more can be polymerized in this method. 

The polymer thus obtained was cloned into plasmid vector pTZ19R (Mead et al., Protein Eng.1_:67-74 (1986)). For 
4 clones (pSA32, pSA33, pYT5 and pYTB), their insert fragments were sequenced using a sequencer (Perkin Elmer). 
35 The results are shown in FIG. 3. The nucleotide sequences determined for the respective clones are shown in SEQ 
ID NO: 3 for pSA32, SEQ ID NO: 4 tor pSA33, SEQ ID NO: 5 for pYT5, and SEQ ID NO: 6 for pYTB. 

In SEQ ID NO:3, the sequences at the 1- to 36-posrtions, the 40- to 75-positk>ns and the 77- to 1 12-positions are 
identical with one another, so it is understood that a polymer was synthesized in which many of double-stranded chains 
as repeating units each consisting of 37 base pairs derived from KY-794 and KY-795 had been linked in the same direc- 
40 tion. This applies to SEQ ID NOS:4-6. 

In FIG. 3, "a" indicates the absence of the corresponding nucleotide in the linking region of the repeating units each 
consisting of the sequence derived from the oligonucleotides, and the underlined nucleotides are an insert of unknown 
origin in the linking region of the repeating units. 

45 Example 2 

In the reaction shown in Example 1 (FIG. 2), the 3 -terminal of KY795 had one nucleotide being not capable of form- 
ing a base pair with KY-794. In this example, polymerization was carried out using the combination of oligonucleotide 
KY-783 (SEQ ID NO:7) and oligonucleotide KY-794, i.e. the combination not forming such a mismatch. 
so The conditions for PCR were identical to those in Example 1. The PCR product obtained under these conditions 
was subjected to 1 .2 % agarose gel electrophoresis. 

The resuft is shown in FIG. 4. 

As can be seen from FIG. 4, the efficiency of polymerization is improved when at least one nucleotide being not 
capable of forming a base pair with the other oligonucleotide is present at the 3 -terminal of the oligonucleotide (FIG. 4, 
55 lane 2). 

Example 3 

As shown in FIG. 5, KY-794 and KY-795 have a complementary region of 8 bases. In this example, polymerization 
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was carried out using oligonucleotide KY-845 (SEQ ID NO:8) and oligonucleotide KY-846 (SEQ ID NO$) whose com- 
plementary region consisted of 6 nucleotides which is shorter by 2 bases than above. The composition of the reaction 
solution was the same as in Example 2 except that PCR was carried out under the following cycle conditions 1 or 2: 

5 (Conditions 1) 

94°C 10 minutes 
63°C 10 minutes 

10 (94 °C for 10 seconds and 63°C for 60 seconds) x 45 cycles 

63°C 7 minutes; 

(Conditions 2) 

75 

94°C 10 minutes 
66°C 10 minutes 

(94 °C for 10 seconds and 66°C for 60 seconds) x 45 cycles 

20 

66°C 7 minutes 

The PCR products obtained under these conditions were subjected to 1 .2 % agarose electrophoresis. 

The results are shown in FIG. 5. 
25 In FIG. 5, lanes 2 and 3 were obtained under Conditions 1 and lanes 4 and 5 under Conditions 2. 

As can be seen from lanes 1 and 2 in FIG. 5, the polymerization reaction proceeds by decreasing the annealing 
temperature of the PCR cycle to 63°C even by the combination of the oligonucleotides having a complementary region 
of as short as 6 bases. 

30 Example 4 

In this example, thermostable DNA polymerase having the 3*-x5' exonuclease activity was used as an enzyme for 
PCR. The 3->5* exonuclease activity is important tor raising polymerization efficiency. Accordingly, the importance of 
the 3'->5 ? exonuclease activity was examined using thermostable DNA polymerase lacking in the 3'->5* exonuclease 
35 activity. 

The oligonucleotides used were KY-794 (SEQ ID NO:1) and KY-785 (SEQ ID N02). The PCR reaction solution had 
the same composition as in Example 1 except that the enzyme was 1.9 units/50 jil of thermostable polymerase Pfu 
DNA polymerase commercially available from Stratagene or Exo-Pfu DNA polymerase assumed to lack the 3'->5' exo- 
nuclease activity. PCR was carried out under the same cydecondffions as in Example 1. The PCR product obtained 
40 under these conditions was subjected to 2 % agarose gel electrophoresis. 

The result is shown in FIG. 6. 

As can be seen from FIG. 6, polymerization efficiency was dropped where Exo-Pfu DNA polymerase assumed to 
lack the 3'-^5* exonuclease activity was used(lane 3) as compared with the case where Pfu DNA polymerase having 
the 3'-*5'exonuclease activity was used (lane 2). 

45 

Example 5 

In this example, polymerization was carried out using oligonucleotides with various sequences. 
As shown in FIG. 7, the combination of KY-794 (SEQ ID NO:1) and KY-795 (SEQ ID NO:2) and the combination of 
so KY-808 (SEQ ID NO:10) and KY-809 (SEQ ID NO:1 1) are identical in the number ( = 8) of nucleotides forming a com- 
plementary chain, but are greatly different in the nucleotide composition of the complementary region. 

KY-827 (SEQ ID NO:12), KY-828 (SEQ ID NO:13). KY-829 (SEQ ID NO:14) and KY-830 (SEQ ID NO:15) are par- 
tially modified sequences of KY-794 (SEQ ID NO:1), and KY-831 (SEQ ID NO:16), KY-832 (SEQ ID NO:17). KY-833 
(SEQ ID NO:18). KY-834 (SEQ ID NO: 19) and KY-835 (SEQ ID NO:20) are partially modified sequences of KY-795 
55 (SEQ ID N02). 

PCR was carried out under the same conditions as in Example 1 by using each of the following combinations: KY- 
794 (SEQ ID NO:1) and KY-795 (SEQ ID N02); KY-808 (SEQ ID NO:10) and KY-809 (SEQ ID NO:11); KY-827 (SEQ 
ID NO:12) and KY-795 (SEQ ID N02); KY-828 (SEQ ID NO:13) and KY-795 (SEQ ID NO:2); KY-829 (SEQ ID NO:14) 
and KY-795 (SEQ ID N02); KY-830 (SEQ ID NO: 15) and KY-795 (SEQ ID N02); KY-794 (SEQ ID NO:1) and KY-831 
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(SEQ ID NO:16); KY-794 (SEQ ID N0:1) and KY-832 (SEQ ID N0:17); KY-794 (SEQ ID N0:1) and KY-833 (SEQ ID 
N0:18); KY-794 (SEQ ID N0:1) and KY-834 (SEQ ID N0:19); and KY-794 (SEQ ID N0:1) and KY-835 (SEQ ID NO20). 
The PCR products obtained under these conditions were subjected to 2 % agarose gel electrophoresis. 
The results are shown in FIGS. 7 and 8. 
5 As can be seen from FIGS. 7 and 8, there are differences in efficiency but the polymerization reaction proceeds in 
any of the combinations of oligonucleotide sequences used. 

Example 6 

w In order to allow the sequence of the resulting polymer to have diversity, polymerization was carried out using a par- 
tially randomized oligonucleotide. KY612 (SEQ ID NO:21) and KY-795 (SEQ ID NO:2) were used as as primers. KY- 
812 (SEQ ID NO:21) is an oligonucleotide synthesized such that A, T, G or C is located at the 3- and 1 1 -positions. The 
PCR reaction was carried out in the same manner as in Example 1 . After the reaction, the resulting polymer was cloned 
into ptasmid vector pTZ19R. For 4 clones (pYT15, pYT16, pYT20 and pYT21), their insert fragments were sequenced. 

15 The results are shown in Table 9. The nucleotide sequences determined for the respective clones are shown in 
SEQ ID N022 for pYT15, SEQ ID N023 for pYT16, SEQ ID N024 for pYT20 and SEQ ID N025 for pYT22. 

As can be seen from FIG. 9, the base at the 3-posrtion had a preference for C, while A, T, G or C appeared as the 
base at the 1 1 -position, so diversity was given to the sequence of the polymer. 

20 Example 7 

The protein encoded by the resulting polymer can be expressed in coli . The polymer obtained by the combina- 
tion of KY-794 (SEQ ID NO:1) and KY-795 (SEQ ID NO:2) and the polymer obtained by the combination of KY-B12 (SEQ 
ID N021) and KY-795 (SEQ ID N02) were cloned respectively into expression vector pET23b to give recombinants 
25 pYT32 and pYT33. The proteins derived from the polymers encoded by pYT32 and pYT33 were expressed in E rail 
BL21 (DE3) and their cell extract was analyzed by SDS polyacrylamide gel electrophoresis on 15-25 % gradient gel. 

The results are shown in FIG. 10. The molecular markers are of 97,400. 66,267, 42,400, 30,000, 20,100 and 
14,000. 

As can be seen from FIG. 10. proteins with a molecular weight of about 16 kDa derived from the polymers are 
30 expressed. 

As illustrated above, a polymer consisting of a repeating microgene can be formed efficiently and simply according 
to the present invention. 
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SEQUENCE LISTING 

SEQ ID NO: 1 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACC TGCACAAAGG CG 

SEQ ID NO: 2 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SBQUENCE: 

OGGGATCCAC TGCACGCCTT TGA 

SEQ ID NO: 3 
LENGTH: 185 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCOT 
GACGGTCAC^TGCACAAAGGCGTGCAG^ 
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GACGGTCACOT^CAAAGGCGTGCAGTGGATCCCGCCCC 

GACX3GTCACCTGCACAAAGGOGTGCAGTGGATCC 

GACGGTCAOrrGCACAAAGGCGTGCAGTGG^ 

SEQ ID NO: 4 
LENGTH: 162 
TYPE: nucleic acid 
STRANDEDNBSS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACCTGCACAAAGGCG^ 

GAOGGTCACXITGCACAAAGGCGTGCAGTGGATCCCGT 

GACGGTCACCTGCACAAAGGOGTGCAGTGGATCCCGC^ 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCGCCA 

GACGGTCAC 

SEQ ID NO: 5 
LENGTH: 280 
TYPE: nucleic acid 
STRANDEDNBSS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGCn^CCTGCACAAAGGCGTGCAGTGGATrc 

GACXaGTCACCTGCACAAAGGCGTGCAGTC^ 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATC(^^ 

GA(X3GTCACCTGCACAAAGG0GTGCAGTGGAT^ 

WCGGTCACXTPGCACAAAGGOGTGCACTGGATCCC 
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GAOGGTCACCTGCACAAAGGCGTGCAGTGGATCCC 

GACGGTCACCTGCACAAAGGCXxTGC^GTOGATCCCGCC^ 

GACGGTCACCTGCACAA 

SEQ ID NO: 6 
LENGTH: 246 
TYPE: nucleic acid 
STRANDEDNBSS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DMA) 
SEQUENCE: 

GAC^GTCACCTGCACAAAGGCGTGCAGTAGATCCCGCCCG 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GACX3GTCACCTGCACAAAGGOGTGCAGTGGATCCCGC 

GACGGT<^CCTGCACAAAGGCGTCCAGTGGATCC 

GACGGTCACCTGCAOUUU3G(X^ 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCTGCACAAAGGCG 

SEQ ID NO: 7 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNBSS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CGGGATCCAC TGCACGCCTT TG 
SEQ ID NO: 8 
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LENGTH: 20 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACC TGCACAGGCG 

SEQ ID NO: 9 
LENGTH: 21 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CGGGATCCAC TGCACGCCTG A 

SEQ ID NO: 10 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACC TGCAAACGGA GC 

SEQ ID NO: 11 

LENGTH: 23 

TYPE: nucleic acid 
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STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic aqid (synthetic DNA) 
SEQUENCE: 

CGGGATCCAC TGCAGCTCCG TTA 

SEQ ID NO: 12 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CTGGGTCACC TGCACAAAGG CG 

SEQ ID NO: 13 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS : s ing le 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACCCACACC TGCACAAAGG CG 

SEQ ID NO: 14 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 
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MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTGTGC TGCACAAAGG CG 

SEQ ID NO: 15 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEONBSS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACG ACCACAAAGG CG 

SEQ ID NO: 16 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CGGGATCCAC TCGTOGCCTT TGA 

SEQ ID NO: 17 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS: ^single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 
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CGGGATCCTG AGCACGCCTT TGA 

SEQ ID NO: 18 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CGGGAAGGAC TGCACGCCTT TGA 

SEQ ID NO: 19 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

CGCCTTCCAC TGCACGCCTT TGA 

SEQ ID NO: 20 
LENGTH: 23 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear^ 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GCGGATCCAC TGCACGCCTT TGA 
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SEQ ID NO: 21 
LENGTH: 22 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GANGGTCACC NGCACAAAGG CG 

SEQ ID NO: 22 
LENGTH: 314 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCGCCGGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCCGCACAAAGGOGTGCAGIX^ATCCCG 

GACGGTCACOGGCACAAAGGCGTGCAGTGGATCCCG 

GAOGGTCACCTGCACAAAGGOGTGCAGTGGATCXX^ 

(^TGGTCACQ^GCACAAAQGOGTGCAGTGGATCCC 

GACGGTCACCCGCACAAAGGOGTGCAGTGGATCCCG 

GACGCTCACCTGCACAAAGGOGTGCAGTGGATCCC 

GAOGGTCACCAGCACAAAGGCGTGCAGTGGATCCX2G 

GACGGTCACCTGCACAAAGGCGTGCAGG 

SEQ ID NO: 23 

LENGTH: 408 

TYPE: nucleic acid 
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STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DNA) 
SEQUENCE: 

GACGGTCACCTGCACAAAGGCGTGCAGTGGAT^ 

GACX3GTCACCTGCACAAAGGCGTGCAGTOGATCCCG 

GACGGTCACCAGCACAAAGGOGTGCAGTGGATCCC 

GACGGTCACC(XXIACAAAGGCGTGCAGTGGATCCCG 

GATGGTCArcGGCACAAAGGCGTGCAGTGGATCCC 

GACOGTCACClGCACAAAGGCGTGCAGTOGATrc 

GAOGGTCACX!TGCACAAAGGCGTGCAGTGGATCCC 

GACGCTCACCTGCACAAAOGCGTGCAGrGGATCCC 

GACX3GTCACCTGCACAAAGGCGTGCAGTGGATCC<^^ 

GACGGTCACCTGCACAAAGGOGTGCAGTGGATCCCG 

GAOGGTCACCX5G(^CAAAGGCGTGCAGTGGATCCCX5 

GACGGTCAC 

SEQ ID NO: 24 
LENGTH: 674 
TYPE: nucleic acid 
STRANDEDNESS: single 
TOPOLOGY: linear 

MOLECULAR TYPE: other nucleic acid (synthetic DMA) 
SEQUENCE: 

GGTCACCGGCACAAAGGCGTGCAGTGGATCXCGCCGG 

GACGGTCACXTKXIACAAAGGCGTGCAGTGG^ 

GACGCxTCACCTGCACAAAGGCGTGCAGTGGATCC^ 

GA(X3GTCA(XTGCACAAAGGCGTGCAGTGGATCCCGCCGG 

GACGGTCACCTGCACAAAGGCGTGCAGTG^ 
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GACGGTCACCTGCACAAAGGCGTGCAGTGGATCbC 

GACGGTCACCAGCACAAAGGCGTGCAGTGGATCCC 

GAAGGTCACCCGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCX5GCACAAAGGCGTGCAGTGGATCCC 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCC 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCGCCGG 

GAAGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACOGGCACAAAGGOGTGCAGTGGATCCCG 

GAAGGTCACOGGCACAAAGGCGTCCAGTGGATCCC 

GACGGTCACCAGCACAAAGGCGTGCAGTGGATCCCG 

GACX3GTCACCGGCACAAAGGCGTGCAC7rGGATCCCG 

GACGGTCAOrrGCACAAAGGCGTGCAGTGGATCCC 

GACGGTCACCCX^aUVAGGCGTGO^TGGATC 

GATGGTCACCGGCAC 

SEQ ID NO: 25 
LENGTH: 373 
TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULAR TYPE: others-nucleic acid (synthetic DNA) 
SEQUENCE: 

GAGGGTCACXXX^CAAAGGOnXSCACTGGATCCCGCCGG 

GACGGTCACCTGCACAAAGGCGTGCATTG 

GACGGTCA(XGGCACAAAGGGGTGCAGTGGATCCCG 

GACGGTCACCTGCACAAAGGCGTG^ 

GACX5GTCACCGGCACAAAGGCGTGCAGTGGATCCC 

GATGGTACCGGCACAAAGGCGTGCACTGGATCCC 

GATGGTCACCCGCAOVAAGGCGTGCAGTGGATCCC^ 
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GACGGTCACCTGCAOVAAGGCGTGCAGTGGATCCC 
GACGGT(^CCTGCACAAAGGCGTGCAGTGGATCCCG 

GAAQGTCACCGGCACAAAGGCGTGCAGTGGATCCCG 373 



Claims 

1 . A method of forming a macromolecular microgene polymer, which comprises allowing DNA polymerase to act on 
oligonucleotides A and B complementary at least partially to each other to effect polymerase chain reaction. 

2. The method of forming a macromolecular microgene polymer according to claim 1 , wherein the DNA polymerase 
contains an exonuctease acting in the 3'-^5* direction. 

3. The method of forming a macromolecular microgene polymer according to claim 1 , wherein the DNA polymerase 
is thermally stabla 

4. The method of forming a macromoleojlar microgene polymer according to claim 1 , wherein the 3-terminals of oli- 
gonucleotide A and/or oligonucleotide B contain at least one nucleotide not capable of forming a base pair with the 
other oligonucleotide. 
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5* 



FIG.Ia 



5* 

FIG.Ib 



3' 



♦ 



VM///////A 



W/////////A : 



□ B 



3' 



PCR 



FIG. 1 c 
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FIG.2 

794 GACGGTCACCTGCACAAAGGCG 

795 AGTTTCCGCACGTCACCTAGGGC 

1 2 




1. Size Marker 

2. KY-794 & KY-795 
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FIG.3 

GACGGTCACCTGCACAAAGGCG KY-794 
AGTTTCCGCACGTCACCTAGGGC KY-795 



(pSA32) 

GAQ3GTCACCTGCACAAAGGCGTGCA6TGGATCCCG 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGG25 

GACGGT(^CCTGCACAAAGGCGTGCAGTGGATCCC(^SE 

6ACGGTCACCTGCACAAAGGCGTGCAGTGGATCCAA 

GAC^GTCACCTGCACAAAGGCGrGCAGTGGATCCCG 



(pSA33) 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGQCg 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGI 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGCCA 

GACGGTCACCTGCACAMGGCGTCCAGTGGATCCGCCA 

GACGGTCAC 



(pYT8) 

GAOGGTCACCTGCACAAAGGCGTGCAGTAGATCCCGS£G 

GACGGTCACCTGCACAAAGGCGTCCAGTGGATCCCG 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGC 

GACGGTCACCTOIACAAAGGCGTGCAGTGGATCCCGCCGG 

GACGGTCACCTGCACAAAGGCGTGCAGTG6ATCCCA 

6ACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCTGCACAAAGGCG 



(pYT5) 

GACGGTCACTTGCACAAAGGCGTGCAGT^TCCC^C^ 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGI 

GACGGTCACCTGCACAAAGGCGTGOWjTGGATCCCG 

GACGGT(^CCTGCACAAAGGCGTGCAGTGGATCCCGCCGG 

GACGGTWCCTGCAOVAAGGCGTGCAGTGGATCCCA 

GACGGTCACCTGCAO^AAGGCGTGCAGTGGATCCCA 

GACXXrrCACCTGCACAAAGGCGTGCAGTGGATCCCGCSS 

GACGGTCACCTGCACAA 
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FIG.4 



794 GACGGTCACCTGCACAAAGGCG 

795 A6TTTCCGCACGTCACCTAGGGC 

794 GACGGTCACCTGCACAAAGGCG 

783 GTTTCCGCACGTCACCTAGGGC 



12 3 



1. Size Marker 

2. KY-794 & KY-795 

3. KY-794 & KY-783 
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FIG.5 



794 GACGGTCACCTGCACAAAGGCG 

795 AGTTTCCGCACGTCACCTAGGGC 

845 GACGGTCACCTGCACAGGCG 

846 AGTCCGCACGTCACCTAGGGC 



1 2 3 4 5 




1. 


Size Marker 




2. 


KY-794 & KY-795 


63 x: 


3. 


KY-845 & KY-846 


63 *C 


4. 


KY-794 & KY-795 


66 *C 


5. 


KY-845 & KY-846 


66 x: 
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FIG.6 



794 GACGGTCACCTGCACAAAGGCG 

795 AGTTTCCGCACGTCACCTAGGGC 



12 3 




1. Size Marker 

2. Pfu DNA Polymerase 

3. Exa Pfu DNA Polymerase 
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FIG.7 



794 GACGGTCACCreCACAAAGGCG 

795 AGTTTCCGCACGTCACCTAGGGC 

808 GACGGTCACCTGCAAACGGAGC 

809 ATTGCCTCGAC6TCACCTAGGGC 



12 3 




1. Size Marker 

2. KY-794 & KY-795 

3. KY-808 & KY-809 
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FIG.8 

794 GACGGTCACCTGCACAAAGGCG 

827 CTGGGTCACCTGCACAAAGGCG 

828 GACCCACACCTGCACAAAGGCG 

829 GACGGTGTGCTGCACAAAGGCG 

830 GACGGTCACGACCACAAAGGCG 



795 AGTTTCCGCACGTCACCTAGGGC 

831 AGTTTCCGCTGCTCACCTAGGGC 

832 AGTTTCCGCACGAGTCCTAGGGC 

833 AGTTTCCGCACGTCAGGAAGGGC 

834 AGnrCCGCACCTCACCTTCCGC 

835 AGTTTCCGCACGTCACCTAGGCG 



123 4 567 8 910 11 



1. Size Marker 

2. KY-794 & KY-795 
4. KY-828 & KY-795 
6. KY-830& KY-795 
8. KY-794 & KY-832 
10. KY-794 &KY-834 



3. KY-827 & KY-795 
5. KY-82 9 & KY-795 
7. KY-794 & KY-831 
9. KY-794 &KY- 833 
11. KY-794 &KY-835 
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FIG.9 

GANGGTCACCNGCACAAAGGCG KY-812 

AGTTTCCGCACGTCACCTAGGGC KY-795 
(N = A, T, 6, 0 



<pYT15) 

GACGGTCGCCGGCACAAAGGCGTGCAGTGGATCCCG 
6ACGCTCACCCGCACAAAGGCGTGCAGTG6ATCCCG 
GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCC6 
GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 
GATGGTCACCAGCACAAAGGCGTGCAGTGGATCCCA 
6ACGGTCACCCGCACAAAGGCGTGCAGTGGATCCCG 
6ACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCA 
6ACGGTCACCAGCACAAAGGCGTGCAGTGGATCCCG 
GACGGTCACCTGCACAMGGCGTGCAGG 

(pYT16) 

GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCTGCACAAAGGCGTGCA6TGGATCCC6 

GACGGTCACCAGCACAAAGGCGTGCAGTG6ATCCCA 

GACGGTCACCCGCACAAAGGCGTGCAGTGGATCCCG 

GATG6TCACCGGCACMAGGCGT0CAGTGGATCCCA 

GACGCTCACCTGCACAAAGGCGTGCA6TGGATCC0GCSI 

GAGGGTCACCTGCACAAAGGCGTGCAGTGGATCCCA 

GACGGTCACCTGCACAAAGGCGTGCAGTOGATCCCA 

GACGGTCACCTGC^CAAAGGCGTGCAGTGGATCCCGCCGG 

6ACGGTCACCTGCACAAAGGCGTGCAGTG6ATCCCG 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCAC 

(pYT20) 

GGTCACCGGCACAAAGGCGTGCAGTGGATCCCGCC^ 
GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCGQ^ 
GACGGT(^CCTGCACAAAGGCGTGCAGTGGATCCCG 
GACGCTCACCTGCACAAAGGCGTGCAGTGGATCCCGC^ 



GACGGTCACCTGCACAAAGGCGTGCAGTGGATCCCG 

GA(X3GTCACCTGCACAAAGGCGTGCAGTGGATCCCA 

GACGGTCACCAGCACAAAGGCGTGCAGTGGATCCCA 

GAAGGTCACCCGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCA 

GACGGTaarrGCACAAAGG05TGCAGTGGATCCCA 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCGQCGG 

GAAGGTCA(XTGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCG 

(^W^OkCCGGCAaVAAG(XX]TamGt^T<XCA 

GACGGTCACCAGCACAAAGGCGTGCAGTGGATCCCG 

GACGGTCACCGGCACAAAGGCGTGCAGTGGATCCCG 

GACGCTCACCTGCACAAAGGCGTGCAGTGGATCCCA 

GA<XGTCACCCGCACAAAGGCGTGCAGTGGATCCCGi£&S 

GATGGTCACCGGCAC 

(pYT22) 

GAGGGTCACCCGCACAAAGGCGTGO\CTGGATCCCGCCGG 

GACGGTCACCTGOOAAGGCGTGCATTGGATCCCGCCGG 

GACGGTCACCGGCACAAAGGGGTGCA6TGGATCCCG 

GACGGTCACCTGCACAMGGCGTGCAGTGGATCCCGCCGG 

GAa^CACCGa^(^03(XTGaGT(^TCCCA 

gatggtcacccgcacaaaggcgtgcagtggatccca 

gatggtcacccgcacaaaggcgtgcagtggatcccgccgg 

gacggtcacctgcacaaaggcgtgcagtggatccca 

gacggtcacctgcacaaaggcgtgcagtggatcccg 

gaaggtcaccggcacaaaggcgtgcagtggatccc6 
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FIG.10 



12 3 4 




1. Molecular Weight Marker 

2. pTZ19R/BL21(DE3) 

3. pYT32/BL21(DE3) 

4. pYT33/BL21(DE3) 
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